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The fungus-growing termites (Macrotermitinae) have developed 
an obligate mutualistic symbiosis with 
fungi (Termitomyces) and, in most cases, 
the symbiotic partner is collected from 
the environment upon establishment of 
a new colony (horizontal transmission). 
The requirement that partners are able to 
find and recognize each other after inde-
pendent reproduction is likely to severely 
constrain long distance dispersal. In sup-
port of this hypothesis, we have recently 
shown that a single colonisation of 
Madagascar by fungus-growing termites 
has occurred. The successful colonizers 
belong to the genus Microtermes, known 
to inherit their symbiont from the parental 
colony (vertical transmission). However, 
the fungal symbionts of Madagascar were 
not monophyletic, as expected under 
strict vertical transmission. Here we fur-
ther discuss these findings, and we sug-
gest further bottlenecks to dispersion and 
propose a transient window for horizontal 
transmission for the otherwise vertically 
transmitted Termitomyces strains.
The fungus-growing termites (Macro-
termitinae) started cultivating fungi 
(Termitomyces) for food provisioning 
about 30 mya.1 The fungus is used as fun-
gal biomass and as an ‘external-rumen’ for 
plant degradation. The two partners are 
obligately dependent on each other, since 
free-living representatives of both insect 
and fungi have never been found.2-4 The 
symbiotic fungus grows on a special sub-
strate, the fungus comb, maintained by 
the termites through continuous addition 
of pre-digested plant material while the 
older comb material is consumed.
In most species, the primordial fungus 
comb (during colony foundation) is inocu-
lated with basidiospores of the right species 
of fungus, collected by the first foraging 
workers along with the first forage brought 
into the nest from the outside environ-
ment.5 This transmission mode—horizon-
tal transmission—has been demonstrated 
for species of the genera Ancistrotermes, 
Macrotermes, Pseudacanthotermes and 
Odontotermes6-9 and is likely to repre-
sent the ancestral symbiont transmission 
mode.2 The Termitomyces symbionts of 
these macrotermitine genera regularly 
produce fruiting bodies, so that spores 
are readily available in the environment. 
A consequence of this independent part-
ner reproduction is that, at each genera-
tion, new combinations of termite and 
fungal lineages arise10 and obviously this 
requires that partners are able to find and 
recognize each other after independent 
reproduction.
Fungus-growing termites occur 
throughout the Old-World tropics, but 
originated in the African rainforest.1 
Most of the diversity occurs in Africa, 
with all genera being present (except for 
Hypotermes), while only four genera are 
found in Asia. We have recently shown 
that a single colonisation has occurred 
to Madagascar, of termites belonging 
to the genus Microtermes.11 The species 
within this genus are believed to belong 
to one of the only two derived lineages 
of the Macrotermitinae that have inde-
pendently evolved vertical transmission 
of Termitomyces,7,12 i.e., where symbionts 
are inherited from a parental colony and 
used to inoculate the fungus comb of the 
newly founded colonies. This vertical 
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However, the pattern observed on the 
Malagasy Microtermes implies that the 
first colonisers arrived to the island and 
established the fungus comb with inocu-
lum brought from the mainland colony 
and later host-switching has occurred 
by horizontal transmission. A transient 
window for horizontal transmission can 
be hypothesized for the otherwise verti-
cally transmitted Termitomyces strains. 
Considering that at the initial stages of the 
colony formation the symbiotic fungus 
biomass is still rather low, it will be pos-
sible for a new, horizontally transmitted, 
symbiont strain to establish itself then.
Additional support for occasional hori-
zontal transmission events of the other-
wise vertically transmitted Microtermes 
symbionts is that some Microtermes spe-
cies share a closely related symbiont with 
species of the genera Ancistrotermes and 
Synacanthotermes.2,11 If we compare the 
number of described species in both sym-
biotic partners—40 in Termitomyces19 
and 330 in fungus-growing termites20—it 
seems logical to assume that many of these 
symbionts are shared between termite spe-
cies. However, Termitomyces taxonomy is 
largely based on the morphology of sexual 
fruiting bodies, which are rare and possi-
bly absent in some Termitomyces species, 
and molecular data indicate that there 
may also be many morphologically indis-
tinguishable sibling species.21
Therefore, a better understanding 
of Termitomyces phylogeny is needed. 
Additionally, closely related Microtermes 
symbionts have also found between geo-
graphical regions,2,11 although a higher 
level of differentiation seems to have been 
observed between African and Asiatic 
Termitomyces.21 It has been shown that 
fungal symbionts can disperse indepen-
dently of their hosts,2 but the level of 
genetic homogenization that we recently 
reported11 clearly shows regular exchange 
of fungi between Madagascar and conti-
nental Africa.
Further research is needed on the 
details of symbiont transmission as the 
current evidence is based on only few 
species. In fungus-growing termites with 
vertical symbiont transmission, future 
experimental studies should focus on the 
details of symbiont transmission and the 
frequency of horizontal transmission. In 
and de novo association with new hosts—
the Hamilton & May13 effect, which 
favors individuals to disperse away from 
close relatives and avoid competition with 
similar genotypes. Furthermore, at the 
level of the symbiotic unit, the presence of 
a certain level of horizontal transmission, 
associated with sexual reproduction is ben-
eficial on the longer term, as there seems 
to be a critical level of horizontal transfers 
below which natural selection is unable to 
purge deleterious mutations, leading to an 
expected loss of fitness over time.14
Hence, symbiont vertical transmission 
seems to be advantageous for long distance 
dispersion, but might be detrimental in the 
long term. How (or when) is a new symbi-
ont strain acquired? Within a colony, crop 
mixing does not occur as the fungal sym-
bionts are always reared as single-strain 
monocultures regardless of the symbiont 
transmission mode.2,15-18 It has recently 
been shown that single-strain monocul-
tures of Termitomyces within single nests 
are maintained through positive frequen-
cy-dependent selection.15 This mechanism 
thus prevents subsequent occupation of 
the comb by other fungal strains.
transmission mode has been found in all 
five studied Microtermes species, where 
it is uniparental via the female, and in a 
single species of the genus Macrotermes, 
M. bellicosus, where it is also uniparen-
tal but via the reproductive male. The 
recent results obtained for the colonisa-
tion of Madagascar by fungus-growing 
termites are compatible with the hypoth-
esis that vertical transmission provides an 
advantage for long-distance colonisation. 
By travelling together, the risk of fail-
ure in establishment by not finding the 
right partner in the new environment is 
minimised.
However, we inferred at least three 
independent colonisation events of 
Madagascar by the fungal symbionts of 
the Microtermes clade from Madagascar. 
This was unexpected: under strict vertical 
transmission of fungal symbionts, host-
switching would not occur. Therefore, 
occasional events of horizontal transmis-
sion have to be inferred to explain the 
phylogenetics pattern of the Malagasy 
fungus-growing termites (Fig. 1). 
Considering the symbionts’ point of view, 
selection favors dispersal out of the host 
Figure 1. Schematic representation of the phylogeny of: (a) fungus-growing termites, showing 
monophyly of the Malagasy clade and (B) termitomyces, where symbionts associated with Mala-
gasy Microtermes are shown to belong to three different clades (reviewed in ref. 11); samples from 
Madagascar are represented by shaded boxes.
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addition, the gathering of Termitomyces 
spores by fungus-growing termites seems 
to be a selective process, as suggested by 
the observed patterns of co-evolution.2,16,22 
It remains to be tested how this selectivity 
occurs.
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